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Abstract
An infrastructure has been set up at the GSI detector laboratory to study the inﬂuence of construction
materials on the ageing properties of gas ﬁlled detectors such as multi wire proportional chambers (MWPC),
gas electron multipliers (GEM) etc. As a ﬁrst step an ageing test of silicone-based glue (RTV-3145)(Dow
Corning) has been performed. In this article details of the experimental set-up and the ﬁrst result on (RTV-
3145) will be presented.
c©2011 Elsevier B.V. Selection and/or peer review under responsibility of the organizing committee for TIPP
2011.
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1. Introduction
The degradation of the performance or ”ageing” of gas detectors under irradiation has been observed
since the start of their use in particle physics experiments. In general, the observed damage depends on
the amount of radiation seen by the detector. In addition many other factors like construction materials,
gas composition, gas quality, gas ﬂow rate, particle rate, and particle type play an extremely important
role [1]. High luminosity experiments like the Compressed Baryonic Matter (CBM) at the future Facility of
Antiproton and Ion Research (FAIR) at Darmstadt, Germany, will employ gas detectors on large areas and of
diﬀerent types, where long term (∼ 10 years) stable operation at high rates is essential [2, 3]. Consequently,
the construction materials for series production of the detectors have to be chosen carefully in order to
ensure the operation of these detectors over the projected lifetime of the experiment. A facility has been
established at the GSI detector laboratory to study the ageing properties of construction materials for the
gaseous detectors. This work is a part of the detector R & D of the CBM experiment.
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2. Experimental setup
This study has been performed with an apparatus consisting of two identical standard MWPCs, a clean
gas system, an outgassing box, a Copper X-ray generator and a 55Fe X-ray source as shown in Fig.1. In this
setup the MWPC is continuously ﬂushed by gas through an outgassing box at a given ﬂow rate, where the box
contains the construction materials under investigation, such as glues, frames etc. The ageing properties
are investigated by irradiating the contaminated chamber with X-rays for a certain interval of time and
comparing the pulse height spectra, of the 5.9 keV 55Fe X-ray source, obtained from both the contaminated
and the reference chamber, which is connected to the same gas line upstream of the out-gassing box. To
distinguish the deterioration of the gain due to ageing (if any) from the variation of the gain due to the
ambient parameters (e.g. pressure, temperature, gas composition), the reference chamber is used for accurate
normalization. Therefore, the data (gain, counting rate, current, resolution, ambient parameters ) from the
test chamber are continuously recorded, together with those from the reference chamber.
The MWPCs, used in this set up are fabricated with gold-plated tungsten wires (anodes) of diameter
20 μm and 3 mm spacing[4]. The two cathode plates are made of 25 μm thick Aluminum-coated Kapton
foils with 3 mm gap as shown in Fig.2. A gas mixture of 80 % Argon and 20 % CO2 is used in all the
measurements.
Figure 1: Schematical view of the experimental setup used to investigate the inﬂuence of construction materials on the perfor-
mance of high rate gas detectors.
3. Ageing test procedure
During such a long term ageing test, the ageing counter is irradiated with X-rays over intervals of 10
minutes. After each irradiation interval the pulse height spectra of the 5.9 keV 55Fe X-ray source are
recorded for both the ageing and the reference counter for 1 minute each. By comparing the mean position
of the 5.9 keV peak for the two wire chambers, the onset of ageing (if any at all) of the detector can be
determined.
4. System stability tests
It is of outmost importance to obtain a stable system which allows to distinguish any permanent gain
degradation with precision better than 1% (peak-to-peak) variation of the normalized gain (the ratio of the
gain of the ageing chamber to that of the reference chamber). The importance of obtaining this goal has two
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Figure 2: Conﬁguration of MWPC with 3 mm wire spacing and 3 mm gap.
reasons. The ﬁrst is the necessity of performing the ageing test in the laboratory in comparable conditions
with those in the real experiment. The second is the short period of the test comparing with the actual
lifetime of the detector in the experiment. Considering the long timescales involved, detection of the ageing
on its very onset is essential.
4.1. Initial test of system stability:
In a MWPC the gas gain (G), is very well described by Diethorn’s formula [5]:
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where ra is the wire radius and rc depend on geometrical parameters such as the wire pitch and gap size,
V and Emin depend on the gas mixture, ρ is the actual gas mixture density and ρ0 is the one at which Emin
has been measured and V is the value of the voltage diﬀerence between anode and cathode.
It can clearly be understood that the gain of the chamber depends on both the detector geometry and the
gas density. Due to this reason, it is very important to distinguish the permanent gain variations resulting
from the ageing processes (i.e., a permanent deterioration of the chamber) from those incidental variations.
This incidental variation is attributed to the change of the gas density or the detector’s geometry due to the
change of the environmental conditions. The eﬀect of the gas density variation can be corrected if pressure
and temperature are recorded. Such a numerical correction is termed p/T-correction in this paper. In the
initial test of two weeks duration, which was without any material in the outgassing box, an instability was
observed due to diﬀerent responses in both chambers (ageing and reference). Though the reference chamber
is used to correct the variation in the measured gain due to the ambient parameters, still a residual instability
of about 7 % (peak-to-peak) was observed in the normalized gain during this two weeks measurement, as
shown clearly in Fig.3a.
A clear correlation of this variation with the change of temperature and pressure can be observed as
shown in Fig.3b. Since the normalized gain is corrected for the eﬀects of gas density variations, it is obvious
that the residual ﬂuctuations in the normalized gain must be attributed to the variation of detector geometry
induced by pressure and temperature changes.
As a remedy, a simple modiﬁcation on the detector chambers was realized as discussed in section 4.2,
which proved to be very eﬀective and reduced the variation to less than 1%.
4.2. Stable system:
From the ﬁrst test, the residual instability of the normalized gain was found out that it cannot be
attributed to the gas density but is caused by a deformation of the chamber geometry. This geometry
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Figure 3: (a)The normalized gain as a function of time. (b)The normalized ratio of pressure(p) and temperature(T) as a
function of time.
change results in a distortion of the electric ﬁeld which inﬂuences the gain. Two outer windows were added
and two small holes in the corners of the inner windows were made to avoid any bulging of the cathode foils
due to ambient pressure changes. In eﬀect, the functions of the outer windows(sealing the device) and inner
cathode electrodes (deﬁning electrostatic geometry) was separated. Fig.4 illustrates the design of modiﬁed
and unmodiﬁed chambers. Obvious diﬀerence in the performances of the modiﬁed and unmodiﬁed chambers
is shown in Fig.5. The peak-to-peak ﬂuctuation of the p/T corrected gain of the modiﬁed chamber was less
than 1 % as compared to 8 % in the unmodiﬁed chamber, in a long term stability test over 120 hours.
Inner windows
Outer windows
(Cathode)
Figure 4: Modiﬁed chamber with additional windows(left) compared to the unmodiﬁed chamber(right)
For ﬁnal ageing tests, the gain of the test chamber is normalized to the corresponding gain of the
identical reference chamber. With two such modiﬁed chambers, system stability of less than 0.8 % peak-
to-peak variation of the normalized gain could be achieved during a 60 hours measurement as shown in
Fig.6.
5. Ageing test for RTV-3145
After having achieved the desired stability of the system, a ﬁrst ageing test was performed with the silicon
based glue RTV-3145(Dow Corning) . This glue has well known inﬂuence on ageing of gaseous detectors[6].
Fig.7 shows the gain deterioration of the ageing detector down to around 30% of its initial value when
accumulating an overall charge of about 5mC/cm of the wire. From the three small plots inserted in Fig.7,
the diﬀerences between the pulse hight spectra of the 55Fe in the beginning, the middle and the end of this
test can clearly be observed.
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Figure 5: p/T corrected gain of modiﬁed and unmodiﬁed chambers, normalized to the initial gain
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Figure 6: The normalized gain of the ageing chamber to the gain of reference chamber in the ﬁnal chambers design
Figure 7: The normalized gain as function of accumulated charge for the glue RTV-3145 under test
6. Summary and Conclusion
Ageing studies of the inﬂuence of construction materials on the performance of gaseous detectors require
a setup which has a high accuracy to identify permanent gain changes caused by ageing of the test detector.
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The aging acceleration in the test should be kept to a minimum in order to get realistic results that alow a
prediction on performance of ﬁnal detector operation.
A dedicated ageing test stand is operational in the detector laboratory of GSI. Two MWPCs are used to
measure the gain of a chamber exposed to ageing normalized to the gain of an unexposed chamber. Diﬀerent
behavior of these MWPCs have been observed due to diﬀerent geometry conﬁguration corresponding to the
change of the environmental conditions. After a simple modiﬁcation in the design of the chambers, the setup
stability could be improved considerably. Around 0.8% peak-to-peak residual variation of the normalized
gain has been achieved. Finally the inﬂuence of silicon based glue RTV-3145 has been tested. The ageing
chamber exposed to the glue has lost about 70% of the initial gain after accumulating around 5 mC/cm of
the wire.
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